Introduction
In past decades, school systems in nearly all countries of the world have seen a genderspecific change in educational achievement. Even though girls' performance in math and science continues to lag behind that of boys in most countries, girls have been catching up with boys regarding both their math and science skills (Baker and Jones, 1993; Cole, 1997; Hedges and Nowell, 1995; IES, 2009; Willingham and Cole, 1997) . What is more, girls have higher reading skills than boys and significantly higher writing skills (Cole, 1997; German PISA Consortium, 2007; Hedges and Nowell, 1995; IES, 2009; Wagemaker et al., 1996;  Willingham and Cole, 1997) . In nearly all countries of the world, women's participation in tertiary education, when compared to that of men, is at much higher levels than it was 40 years ago (UNESCO, 2009) . In some European countries, the share of women among firstyear university students has increased to more than 60 percent of all first-year students (OECD, 2009: own calculations) . This development has led some researchers to talk about a "boy crisis" (Dammasch, 2007; Pollack, 2006) or even a "war against boys" (Sommers, 2000) . As a consequence, girls' and women's most recent levels of educational success in relation to boys and men are interpreted as male educational failure. Research on this rare case of an inversion of a pattern of social stratification (Buchmann and DiPrete, 2006; Quenzel and Hurrelmann, 2010 ) is still in its fledgling stages, however. This is because a change of perspective with regard to gender-specific educational achievement only occurred in the late 1990s, and the causes of this new phenomenon have only been studied in recent years.
At the same time that girls' opportunities for educational success have been on the increase compared to those of boys, the share of women among the teaching population has been rising in virtually all countries of the Western hemisphere (Eurostat, 2009 ). This socalled "feminization of schooling" has been repeatedly linked to boys' poor educational opportunities when compared to girls (BBC-News, 2000; Dee, 2007; Sexton, 1969) . It is conjectured that girls and boys tend to perform better with teachers of their own gender and/or receive better grades than with teachers of the opposite gender. It is assumed that girls have benefited academically from the increased share of female teachers among the teaching population, whereas boys have been negatively affected by the simultaneous decrease in male teachers at school. At the aggregate level, this hypothesis seems to be plausible. Figure 1 shows the correlation between the share of female teachers in primary and secondary schools in relation to all teachers and the share of female students enrolled in tertiary education in relation to all students in tertiary education in 135 countries. The two indicators are highly correlated -The higher the share of female teachers in a given country, the higher the share of female students who are enrolled in tertiary education. Source: (own figure based on UNESCO, 2010) . The figure includes all countries for which data was available.
Countries with a current tertiary student population of fewer than 3,000 students were not included. The horizontal and vertical dashed lines indicate the respective median value for all countries. The diagonal line represents the regression line. The bigger white square close to the median values represents Germany.
So far however, robust empirical evidence to confirm -at the individual level -the strong association which may be observed at the country level has been scarce. This lack of empirical support notwithstanding, efforts have been made to increase the share of male teachers, most importantly in Anglo-American countries (Driessen, 2007) . This is considered an effective instrument for improving the performance of boys. In the United Kingdom, the Training and Development Agency for Schools started an initiative to encourage more men to become teachers (TDA, 2009) , as did the Federal Government of Australia (ABC-News, 2004) .
In this paper, we seek to examine whether teacher gender in fact has an impact on the academic achievement of male and female students, using the German supplemental sample from the 2001 PIRLS study (Progress in International Reading Literacy). 2 The evidence presented here aims to make several contributions to existing research. First, this study focuses on Germany, for which teacher gender effects have not yet been estimated directly (i.e. with individual-level data). Second, in addition to "gender-blind" performance scores, the educational outcomes in this study include teacher grades. Comparing grades and performance outcomes indicates whether teachers' gender in fact influences students' actual performance development or rather relates to their assessment of students, net of performance. 3 Third, we estimate effects across several subjects (German, Mathematics, and Science) . Concentrating on these three domains is a reasonable approach because reading may generally be called a "girls' domain", whereas math is considered to be more of a "boys' domain". 4 Fourth, the rich data set allows us to estimate effects not only for the student population as a whole, but also for various subgroups, such as students from migrant or low socio-economic status families. Fifth, and perhaps most importantly, this study adopts an identification strategy that exploits the distinct features of the German primary education system, thus allowing us to (arguably) come very close to the "true" teacher gender effect: In Germany, primary school students typically stay with the same teacher for two or more years. More than 50 percent of primary school students in our sample even stayed with the same teacher for four years (that is, their entire school career up to this point). In other words, the majority of students in our data set were taught by only one teacher per subject.
In addition, many students at primary school are taught by the same teacher in all major subjects. As a result, we may attribute students' learning process to that one teacher. To our knowledge, all previous studies encountered the problem that information on the gender or other characteristics of previous teachers was usually unavailable. In fact, in most instances, it was not even clear how long the teacher under examination had been teaching a student.
This problem may partially account for the low degree of effects of teachers' gender on students' gender reported in previous studies. A second important feature of the German primary school system is the fact that school choice, for both teachers and students, is very limited. At primary school level, children are assigned to a school within their school district and may not freely choose an institution. Private schools are practically non-existent at this level. Furthermore, the procedure through which teachers apply to schools used to be very indirect. Up until the mid-1990s, new teachers were usually appointed by a central, statelevel agency and then assigned to a school anywhere within the federal state in which they were applying (Treptow and Rothland, 2005) . 5 As a result, the chance of being taught by a male versus female teacher should not depend on either the student's or the school's characteristics. Thus, student-teacher-gender pairing comes very close to a natural experiment.
Theoretical Considerations and Empirical Evidence
The feminization of schooling discourse is by no means a new phenomenon in Western societies. In the United States, where the teaching profession became a predominantly female profession as early as in the late 19 th century, initial efforts to recruit more men into teaching were made between the two world wars (Blount, 2000; Martino, 2008; Rury, 1989) .
The main argument for doing so was the call for male role models, driven by an anxiety about the "feminization of boys", who would be less able to develop their masculinity without appropriate role models. This line of argument also characterized discussions in the 1960s (Sexton, 1969) . In past as well as more recent contributions on the "feminization of schooling," the main focus of study is on boys. It is predominantly boys, according to this point of view, whose development is negatively affected by the absence of male teachers and whose academic performance, as a result, is weaker than that of girls. This interpretation tends to forget, however, that the relative loss of boys may also be explained by the rising educational success of girls. Gender-specific changes in educational success, therefore, may just as well be the result of a positive impact of female teachers on girls. This possibility is often neglected, however.
Today, there are several lines of argument that consider the feminization of schooling to have a negative impact on the educational performance of boys. The first line of argument points to a lack of male role models in school (Budde, 2008; Driessen, 2007; Holmund and Sund, 2008) . From this point of view, the main complaint concerns the increasing absence of men in all stages of the education process, which results in a situation in which boys are unsure about their identity, lack clear patterns of gender role orientation (Budde, 2008: 492) , and, as a result, are unable to form positive ideas of masculinity (Bacher et al., 2008) . This is closely related to the "same-sex hypothesis", which is based on the idea that girls imitate women and that boys need men in order to eventually become men themselves (Powell and Downey, 1997) . Psychology-based learning theory assumes that children tend to observe and identify with same-sex agents of socialization (Hannover, 2008; Kohlberg, 1966) . At the same time, gender identification needs to be viewed in a bipolar way. Teachers, according to this theory, are better able to identify with a child of their own gender, possibly because they feel more competent in responding to their problems, having experienced them themselves (Powell and Downey, 1997) . However, the link between gender identity and educational performance is inherently inconclusive (Blossfeld et al., 2009) . And yet, scholars, educators, and policy-makers keep using it for explaining gender-specific educational achievement.
Another possibility for explaining the gender achievement gap is a phenomenon referred to as stereotype threat (cf. Steele, 1997) . According to this theory, students tend to perform less well when they fear they are being evaluated through the lens of a negative stereotype about the group they belong to. Teacher gender may enforce such negative stereotyping. If the math teacher is male, for example, girls may underperform simply because they believe math is a male domain. The negative stereotype is deactivated, however, when the teacher herself is female. Conversely, the same negative stereotype may be activated when boys take reading and writing classes with a female teacher.
Furthermore, there is some evidence that the context in which a task is presented, which may refer to the world of boys or the world of girls, leads to differences in the performance of boys and girls (Walther et al., 2008) . Math problems, for example, may be presented in a female context (using girls' names, pets, or cakes) or in a male context (using boys' names, buildings, trains, or income). If female teachers generally tended to choose female contexts and male teachers tended to choose male contexts to frame curricular content, they would thereby favor students of their own gender.
If all or any of the aforementioned arguments holds true, (H1:) boys' academic skills should be higher when they were taught by a male teacher, and girls' academic skills should be higher when they were taught by a female teacher.
Empirically, Dee (2007) was able to show that boys and girls have higher skills when they were taught by a same-sex teacher. With school-level aggregate data, Helbig (2010) did find positive effects regarding the reading skills of girls at schools with a higher share of female teachers, but he could not confirm the same-sex hypothesis with regard to boys' reading skills and the math skills of both genders. Ammermüller and Dolton's (2006) findings for England suggest that boys at the age of 13 do benefit somewhat from male math teachers, whereas girls benefit from female English teachers. They did not find significant effects in the US, however. In addition, they did not find any positive same-sex teacher effects for students around the age of 9. Likewise, several other authors were unable to come up with convincing empirical evidence for the claim that students benefit from being taught by a same-sex teacher with regard to their cognitive skills (Driessen, 2007; Ehrenberger et al., 1995; Sokal et al., 2007) .
Another line of argument relates to the gender-specific evaluation of students, net of their actual performance. It is argued that female teachers may expect and reward certain types of behavior that girls have acquired in the process of socialization, whereas boys have not. While there is the possibility that female teachers actively discriminate against boys, the disadvantages that boys may experience from being taught by female teachers are more likely to be unintended consequences of the actions of female teachers, who may interpret and judge boys' and girls' behavior in different ways (Diefenbach and Klein, 2002) . Types of behaviors that tend to disrupt school activities and negatively affect students' academic performance are more frequently found to originate from boys than from girls (Eagly and Chrvala, 1986) . Possibly, female teachers are more "upset" with such types of behaviors than male teachers because their standards of judgment are derived from their own genderspecific socialization. In other words, one might say there is a certain mismatch between the "habitus" of female teachers and the "habitus" of male students (Brandes, 2002) . According to this interpretation, feminization puts boys at a disadvantage especially when it comes to assessing their performance (Stamm, 2008; Holmund and Sund, 2008) .
Gender influences on grades (net of performance) may also be caused by students behavior instead of teacher evaluation. According to the same-sex hypothesis, students taught by same-sex teachers may be more 'well-behaved' (e.g. participation in school lessons, disruption during class, doing homework) than students taught by other-sex teachers. As a consequence, the fact that students tend to get better grades from same-sex teachers would result more from a better behavior on the part of the student than from a conscious or subconscious grading bias in the teacher.
Based on these theoretical implications, (H2:) the grades boys earn from male teachers should be better than those they earn from female teachers, whereas girls should get better grades from female teachers than from male teachers. Previous research offers mixed results in this regard, too. With respect to grading, Ehrenberger at al. (1995) , Hopf and Hatzichristou (1999) , and Helbig (2010) were able to show that boys receive inferior grades from female teachers. The correlations that were identified must be considered quite weak, however. 6 What is more, a same-sex teacher advantage could not be confirmed by other studies, neither with regard to boys and girls (Carter, 1952; Driessen, 2007; Holmund and Sund, 2008) nor with regard to girls (Helbig, 2010) .
In the following, we will assess whether girls or boys benefit from being taught by a same-sex teacher with respect to their academic performance (H1) and with respect to their grades, net of performance (H2).
Data and Variables
35 countries participated in the Progress in International Reading Literacy Study (PIRLS).
This study was conducted by the International Association for the Evaluation of Educational Achievement (IEA) in 2001 to assess the reading literacy of nine-and ten-year-old students (Mullis et al., 2003; Mullis et al., 2002) . Germany embedded this study within its national IGLU-E study, which focused on the reading and writing ability of fourth graders, as well as on their performance in math and science. 7 The PIRLS background questionnaires that were administered to students, parents, teachers, and schools were also expanded in IGLU-E.
These modifications required a second test day to gather the information without overburdening the students (Schwippert, 2007) . 12 out of 16 states in the Federal Republic of Germany participated in the extended PIRLS (IGLU-E). Data was collected in a two-stage stratified sampling design. First, participating schools were chosen. Within each school, a sample of classes from the targeted grade (fourth grade) was drawn. Within each class, in principle, all students were sampled. In practice, however, the number of sampled students was sometimes smaller than the actual class size because of student non-participation. After applying weights to compensate for non-proportionality and to ensure representativeness, the sample consisted of 5,858 students from 166 schools (308 classes). 8 The participation rate was satisfactorily high with 84% (details: Bos et al., 2004; Bos et al., 2003) . 9 In the data set, extensive information on student performance, as well as on home and school environment is available through student, parent, teacher, and school questionnaires.
Dependent Variables. To test whether boys and girls actually know more when being taught (for at least 2 years) by a same-sex teacher (H1), we utilize test scores in reading literacy, mathematical literacy, and scientific literacy. Tests were constructed and evaluated by experts to ensure broad coverage of third and fourth grade curricula in the respective subjects (details: Bos et al., 2003) . In order to keep the test time to a reasonable length while at the same time ensuring a comprehensive coverage of the curricula, not all items were administered to all students. Instead, the test material was distributed among different booklet versions according to a multi-matrix design. Subsequently, within the framework of Item-Response-Theory, Maximum-Likelihood Estimates (MLE) were estimated which we employ as best estimates of the student performance (IPN, 2005) . To test whether boys and girls are assessed differently (or behave differently) when being taught by a same-sex teacher (H2), we utilize teacher grades in German, Mathematics, and Science as dependent variables, controlling for the respective test scores. Grades run from 6 (insufficient/fail) to 1 (very good). Information about individual student grades was retrieved from the teacher questionnaires.
Independent Variables. The independent variables in our study are gender dummies for the teacher and the student. We are able to identify 2,434 male students (2,389 female students) with female German teachers and 553 male students (482 female students) with male German teachers. The share of female teachers in our sample ranges from 79% to 85%, which is why the number of teacher-student pairings varies somewhat across subjects (cf. Table 2 ). At the primary school level, the same teacher often teaches several subjects per class. Accordingly, in many cases one and the same teacher had to fill out several separate subject teacher questionnaires. In order not to be redundant, some teachers provided the standard socio-demographic information, including information on gender, in only one of the questionnaires. When socio-demographic information was missing, we imputed gender and other socio-demographic items when we could make sure we were dealing with the identical teacher. 10 In addition, we constructed a variable indicating whether a teacher was teaching all three subjects.
The remaining variables in this study represent controls for student, teacher, class, and school observables (cf. Table 1 ). To ensure that students' characteristics do not differ systematically between male and female teachers, we include at the student level parental socioeconomic status
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, students' migration background, number of children books at home, and students' age. 12 At the teacher/class level, we control for class size, share of male students in the class, and share of students with German language problems. For each teacher, we include age, number of years of teaching experience, a dummy indicating whether the teacher works part-time or full-time, and the amount of further training they engaged in while already working as a teacher. 13 External evidence (GFSO, 2009: own calculations) supports our data suggesting that female teachers are, on average, younger and less experienced and have a higher tendency to work part-time. Furthermore, female teachers tend to invest more in their further training (own auxiliary calculations based on IGLU-Data). We want to make sure that potential teacher-gender effects are not confounded by these factors. Next, to control for potential bias caused by the possibility that male and female teachers work at schools with different characteristics, we include school level controls. All school level information was provided through the school principal. We capture school resources by a dummy variable indicating whether or not a school library is available and by a factor score "shortage of teaching aids" based on a row of questions asking whether the lack of books, teaching materials, computers, audiovisual aids etc. constrains the school's capacity for providing adequate instruction. We also include a factor score "special needs" which indicates whether a school provides assistance for low-achieving students and students with language deficiencies, or whether it offers additional programs for high-achieving students. In addition, we include the percentage of students from economically disadvantaged backgrounds. The location of the school is controlled in terms of urbanity (urban, suburban, rural) and through dummies for East and West German states (Länder), between which the share of female teachers differs (GFSO, 2009).
We utilize multiple imputation to address missing data, which replaces missing values with several plausible values based on information observed in the sample (Allison, 2001; Rubin, 1987) . Most missing values were found for parental socio-economic status, for which 25 percent of the sample had unknown values. Even in the face of a large amount of missing values, Rubin (1987: 114) states that only a few imputations are required to obtain estimates with a relatively high efficiency. We generate five datasets through imputation by chained equations (ICE), which has recently been implemented in Stata (Royston, 2004) . All analyses are based on the imputed datasets, for which the results are combined to account for variation within and between imputed data sets.
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[ Table 1 about here]
Results
We start out by documenting girls' and boys' performance scores and grades with same-sex and other-sex teachers across different subjects ( Table 2 ). The share of female teachers differs across subjects (German: 83%, Mathematics: 78%, Science: 86%). Accordingly, the number of student-teacher-gender pairings differs across subjects as well.
[ Table 2 about here]
The same-sex hypothesis states that students benefit from a same-sex teacher. Looking at girls, the raw data lends only weak support for this hypothesis. Girls with female teachers score between 8 and 16 points higher on performance tests than girls with male teachers, which equates roughly the winning margin of a ¼ school year (cf. Bos et al., 2004: 56) .
However, the effects are not statistically significant. They also receive better (i.e. numerically lower) grades; however, the effect is only significant in Mathematics. Looking at boys, the hypothesis cannot prevail. Neither performance scores nor grades differ significantly between boys with male teachers and boys with female teachers. In addition, the (insignificant) direction of the teacher-gender effect is reversed, i.e. boys receive inferior grades from male teachers than from female teachers. One explanation could be, that male teachers grade rather strictly compared to their female teacher colleagues, independent of the student's gender. We tested this explicitly in a pooled dataset of girls and boys and found (insignificant) negative effects of male teachers across all subjects and outcomes (table not shown). 15 The direction of the effects suggests that there is no advantage of having a samesex teacher for boys. If anything, male teachers have a consistent negative impact on both, boys and girls. However, such a negative male teacher effect (independent of student gender) is too weak to pass the test of significance.
In a next step, we run OLS-regressions of performance scores on teachers' gender separately for girls and boys (cf. specifications 1a and 1b, Table 3 ). We start with the empty model which naturally reproduces the descriptive figures from Table 2 . The adjusted Rsquared indicates that the teachers' gender explains virtually no variance in performance scores, neither for girls nor for boys. The same findings emerge when looking at grades (cf.
specifications 5a and 5b, Table 4 ). Thus, across the three main subjects in primary school, and across objective performance measures (H1) as well as teachers' grades (H2), the 'same-sex teacher'-hypothesis has to be rejected.
However, these results could be quite misleading due to selection effects or because the hypotheses only hold in subgroups of the population. Selection effects could exist when students -or factors influencing students -differ systematically between male and female teachers, creating a spurious relationship between teacher gender and the outcome of interest. In the following section, we model a range of checks to verify whether our initial findings are robust. First, we try to tackle potential selection effects that usually pose a threat to the validity of empirical findings based on non-experimental data. Second, we try to estimate whether the initial absence of a teacher-gender effect is caused by a non-linear effect across different subgroups. For example, the gender of the teacher may have a significant effect only if students are exposed to the same teacher in all subjects.
Robustness Checks

Does selection mask a same-sex teacher effect?
First, suppose, for example, that male teachers are more likely to be assigned to boys with a propensity for lower achievement. In this case, the results in Table 2 could falsely suggest the absence of teacher-gender effects, because boys with a same-sex teacher would start out with a higher propensity for lower achievement, but would still benefit from their teachers.
A comparison between test scores or grades of boys with same-sex teachers and boys with other-sex teachers would not reveal such teacher-gender effects. 16 Without longitudinal data, there is no direct way to address this classical concern of selection. However, we can control empirically whether male and female teachers are assigned to students with certain ascriptive traits that are usually confounded with high or low achievement, such as parents'
socio-economic status, cultural capital in the home, migration background, or students' age.
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If we hold such student traits constant and still find no evidence for a teacher-gender effect,
we can most likely rule out the alternative explanation of biased student-teacher assignment. 18 We apply this strategy in specifications 2a (girls) and 2b (boys) for performance (Table 3 ) across several subjects. For the sake of clarity, we display only the main effect (that is the teacher gender effect). 19 As expected, the inclusion of student level controls increases the proportion of explained variance in the models drastically. 20 The teacher-gender effects, however, do not change by and large, and remain insignificant.
For our models with grades as dependent variables (testing H2), we first control for test scores (specifications 6a and 6b, Table 4 ) to see whether the only significant teacher gender effect in Mathematics for grade for girls (.13, cf. Table 2 ) can be explained by actual performance differences or by teacher's evaluation. As can be seen from the table, the teacher gender effect partially disappears, thus the slight difference in grading reflects the fact that girls with male teachers perform slightly less well than girls with female teachers, and are, net of performance differences, perceived more negatively. However, this effect is not significant. Next, we include student level controls (specifications 7a / 7b), just as in the performance model testing H1. There is very little change in coefficients across specifications; male teacher effects are small in magnitude, and none become significant.
Second, the bivariate findings in Table 2 could be biased by the presence of teacher traits (e.g. age) or classroom traits (e.g. class size) that are associated with a teacher's gender. We know from auxiliary analysis that female teachers are, on average, younger and therefore less experienced than their male counterparts. They also have a higher tendency to work part-time and are more likely to engage in further education while already filling a teaching position. 21 In specifications 3a/8a (girls) and 3b/8b (boys) we therefore control for observable teacher traits such as experience, amount of further education, employment status (part-time vs. full-time), and age. We also include a quadratic age term to capture nonlinearity. In addition, we include the share of male students in class because we found that the share of male students in classes taught by a male teacher is slightly higher (53%) compared to classes taught by female teachers (48%). Again, results indicate that the teacher gender effect is not affected by these controls, neither in models where test scores are used as dependent variables (Table 3) , nor in models where grades are used as dependent variables (Table 4 ). There is one exception: the effect of a male teacher for the reading performance of boys increases from -6.27 to -11.76 and becomes marginally significant. Note however, that the effect is negative and thus is inconsistent with a same-sex teacher benefit (i.e. boys should perform better with a male teacher). Given the weak level of significance one should be careful in interpreting this result. In any case there is no sign of a positive same-sex effect.
There might still be unobservable teacher traits (e.g. a teacher's socio-economic background) or class characteristics (e.g. classroom facilities) which confound our findings.
Pooling the data on boys and girls, it is possible to control for all unobservable class and teacher traits by including class/teacher fixed effects (FE). Regarding the fixed effect regressions, we assume for the following structure: 
From this last equation, we see that the class fixed effects cancel out. Additionally, coefficients of variables not varying within class are no longer identified. As a result, the effect of teacher gender itself cannot be identified any more, as it is part of the class FE.
However, an interaction effect, i.e. the difference between the male teacher effect on boys and girls (or the sum of the same-sex teacher effect), is still identified under weaker assumptions than before. 22 Now, if there actually were a positive same-sex effect, the difference between a male teacher effect on boys and girls should be large and positive.
FE-Models for all subjects are presented in the last specification of Tables 3 and 4. There are 308 unique teachers/classes per subject associated with 5,858 first-differenced observations. Results support what we observed so far. All effects have the same sign and magnitude as indicated by the differences between specifications (3b)-(3a) and (8b)-(8a), as summarized in Table II Finally, a bias could occur if school characteristics such as school resources or the urbanity of a school location is associated with a teacher's gender. For example, it is conceivable that male teachers are more likely to find employment at less favourable schools. If, in addition, boys happen to be especially prone to suffer from unfavourable school conditions, the male teacher effect for boys would be biased downwards and a same-sex teacher effect could be masked. It needs to be emphasized that we do not expect such biases because, as mentioned above, the application procedure of teachers to schools used to be very indirect.
Auxiliary analysis confirms the expectation that the likelihood of finding a male teacher assigned to a school with certain observable school characteristics (such as different kinds of resources, school location, and student composition) does not differ systematically by observable school characteristics (cf. Table III in Appendix) . However, the likelihood of finding a male teacher does differ across the German states. This is because the share of female teachers is higher in former East Germany (GFSO, 2009), which is a relict of the higher female labour market participation in the German Democratic Republic. The inclusion of a dummy to account for East/West differences, however, does not change our findings.
Do subgroup differences mask a same-sex teacher effect?
So far, the only finding which is striking is the extent to which the match between teacher gender and student gender is unimportant. However, before negating a phenomenon many scholars and politicians believe in, we run an additional set of tests before conceding the case for a no same-sex teacher effect. An effect of the teachers' gender may become relevant, if the 'treatment' (that is the exposure to the same teacher) is stronger. In Germany, each primary school class usually has one teacher, who teaches most major subjects in this class and who stays with the same class for two or more years. The idea is to have a stable psychological parent for the students, who knows the students very well and is thus able to respond more closely to their personal difficulties. The downside is that potential difficulties, such as negative teacher-gender effects, are more prevalent and pertain to all subjects. We ran the full set of regressions on the subgroup of students who were taught by the same teacher in all subjects under investigation, i.e. German, Mathematics, and Science (49 percent of the sample). Table 5 displays our findings. Again, we must conclude that a teacher-gender effect is not detectable. There is only one marginally significant effect of having a male teacher for boys in mathematics when looking at grades. The direction of the effect, however, speaks against the same-sex teacher hypothesis.
Next, we ran the same set of regressions on students who were most likely taught by the same teacher for four years (i.e. we excluded students from schools for which the principle stated that students are usually taught by the same teacher for only 3 years or less).
For this subgroup (56 percent of the sample), a negative effect of having a male teacher becomes evident when looking at German test scores (cf. Table 5 ). But this effect is around -21 points for both boys and girls, which speaks once more against a same-sex teacher advantage (with our coding one would expect a positive effect for boys).
In accordance with theoretical considerations in the same-sex literature, we hypothesised in H2 that a mismatch between the habitus of boys and the habitus of female teachers might be responsible for the academic underachievement of boys. It might be argued that this mismatch should be stronger for boys with a particularly pronounced male habitus. Since boys from migrant and low-SES backgrounds are commonly assumed to have a particularly pronounced male habitus (Connell, 1987; Connell, 1995; King, 2005) , these subgroups should be especially harmed by female teachers. We tested this hypothesis by running regressions on the subsample of students from low-SES backgrounds, i.e. the 25 th quantile of the socio-economic status distribution as well as on students with a migration background (cf. Table 5 ). Once again, results suggest a firm decline of our hypothesis.
Across all outcomes (i.e. performance scores and grades in German, Mathematics, and Science), male teacher effects are insignificant for boys and for girls in both subgroups.
[ Table 5 about here]
Summary and Conclusion
In past decades, school systems in nearly all countries of the world have seen a rather unanticipated gender-specific change in educational achievement, with females gaining advantages over males. At the same time, the share of female teachers has grown in almost all countries of the western world. In this context, we examine the empirical evidence regarding one question increasingly addressed in educational research and politics alike:
Can the growing "feminization" of the teacher profession explain the emerging disadvantage for boys in educational attainment? The claim that a lack of male teachers is responsible for the 'boy crisis' in education is highly popular internationally, both in some parts of academia and among the broader public. This is astonishing, given that there is hardly any solid empirical evidence to support the same-sex hypothesis.
After evaluating the evidence on this research question, we isolate a teacher's gender effect by exploiting two features of the primary German educational system: a long 'exposure time' of students to the same teacher (at least two years) and a quasi-random assignment of students to teachers. We use large-scale data from IGLU-E/PIRLS and focus on different scholastic outcomes ('gender-blind' test scores and more subjective teacher's grades) across different subjects (German, Mathematics, and Science) . We find that boys do not benefit from male teachers and girls do not -at least not significantly -benefit from female teachers, neither with regard to their academic performance as measured by test scores, nor with regard to their grades. This non-existence of a teacher-gender effect is evident across the three major subjects in German primary school, namely German (a typical 'female' domain), Math (a typical 'male' domain), and Science (which has to be considered rather 'gender neutral' in the German primary school curriculum (cf. footnote 6)). In summary, we can say that the "feminization" of (primary) schooling has neither led to a weaker development of the academic skills of boys, nor has it improved the academic skills of girls. Grading has also been found to be independent of teacher gender. Children from migrant and low-SES families do not benefit academically from being taught by a same-sex teacher; neither do children who are taught by the same teacher in all subjects. In other words, the call for more male teachers to address boys' educational and psycho-social needs in school is not based on sound empirical evidence, at least not with regard to primary schools. Furthermore, our results suggest that the unqualified call for more male teachers may have unintended consequences. Both boys and girls who were taught by a male German teacher for 4 years (56 percent of the sample) had significantly less well developed reading skills than students who were taught by a female German teacher for four years. More research is needed on why this finding might be and in how far it can be generalized. At this point, we can only speculate why male German teachers who have taught a class for 4 years should have a negative effect on all students. It is conceivable that female teachers may have higher reading skills themselves, which they are better able to convey to their students. To our knowledge, studies on the gender-specific reading skills of German teachers do not exist, however. Nevertheless, calling for more male teachers involves the danger of unintentionally harming the reading skills of both boys and girls by having them taught by male teachers.
What is most striking about our findings is the extent to which the match between teacher gender and student gender is irrelevant. 24 In this context, it is important to carefully consider the degree to which our findings may be generalized. First, there might be teacher gender effects at a later student age, i.e. during adolescence. This may help to explain why Dee (2007) found a correlation between the academic achievement of US secondary school students and same-sex teachers. Second, it is possible that boys who grow up without a male role model at home do benefit from having male teachers. This hypothesis could not be tested with the data available.
One additional aspect of this paper seems to require further explanation, however.
Why is it that the correlation between the share of female teachers and gender-specific educational achievement, as clearly shown to exist at the country level in Figure 1 , cannot be supported with empirical evidence at the individual level? We would like to argue that this puzzle results from a classical ecological fallacy. To find out about this, we need to ask how cross-country differences regarding the percentage of female teachers came about in the first place, and why the total share of female teachers has risen over past decades. Two aspects of the teaching profession become evident when comparing it across countries:
Firstly, completing higher education is a prerequisite for gaining teacher licensure in most countries. Secondly, teaching is a female sex-segregated profession in literally all advanced societies, while it is male dominated in developing countries (most visibly in African countries, cf. figure 1 ). In the latter countries, women do not obtain higher education and are consequently not able to work as teachers -thus the share of female teachers is low. In addition, recent research has shown, that once the level of female tertiary enrolment begins to rise in a given country, having a higher percentage of women in female sex-segregated academic professions is an almost automatic consequence, as long as female preferences for traditionally female occupations do not change (Charles and Bradley, 2009 ). The argument is that in advanced industrial societies, it is more 'culturally legitimate' to pursue self-realization. As such, men and women are free to express their 'gendered selves', when choosing a field of study and an occupation. As a consequence, the gender-segregation across academic fields (such as education) and subsequently across occupations (such as teaching) intensifies. This means that the current share of female teachers at school may be deduced from women's educational opportunities in past decades and their opportunities of participating in the labour market today -two indicators of general gender equality (figure 2).
But why are girls and women today academically more successful in countries, in which the gender equality has been higher in the past? First of all, it is conceivable that socio-cultural and institutional factors that have helped women in past decades to become successful in the academic labour market are beneficial for girls and women today. For example, a declining discrimination in the labour market (possibly because 'female' qualities are appreciated more in societies with a rising service sector and a decreasing industrial sector) may give rise to girls' and women's aspirations. As girls and women think about their expectations to succeed in education, the prevailing labour market opportunities for women in their country influences whether they expect to complete an academic degree and obtain an academic job position (cf. McDaniel, 2010) . This argument is closely related to the expectation, that in countries where women have experienced relatively higher gender equality in the past, girls have more role models who demonstrate: females can be successful in the labour market if they are successful in the education system (Mickelson, 1989) . This may very likely encourage females to appreciate educational outcomes (Buchmann and DiPrete, 2006) and utilize their academic potential. Evidence of the fact that female employment levels and general gender equity have an impact on gender-specific educational achievement could be provided by several authors (Baker and Jones, 1993; Else-Quest et al., 2010; Guiso et al., 2008; McDaniel, 2010; Riegle-Crumb, 2005) . The so called "gender-stratification hypothesis" posits, that gender differences in some educational outputs, like mathematic competencies, are closely related to cultural variations in opportunity structures for girls and women. In sum, not the gender of the teacher is relevant for the increasing educational success of girls. Rather, equal gender opportunities in a given country encourage girls to realize their academic potential, while at the same time making it more likely for women to become teachers. 
Notes
1 Of course, this correlation can be spurious. Cf. 'Summary and Conclusion' for a discussion on this.
2 The PIRLS study was conducted in 2001. 35 countries participated in the study, which assessed the reading literacy of fourth-graders. The 2001 German supplemental sample collected additional data on students' math and science skills as well as on their grades in German, Mathematics, and Science (Sachkunde).
3 In addition, grades are a useful component because of their relevance for students' transition into one of Germany's distinct secondary school types, which in large parts determines a student's future educational and occupational career.
4 Science (Sachunterricht) is a subject concerned with social, historical, scientific and geographical topics. The Sachunterricht curriculum suggests that this is neither a clear "boys' domain" nor a clear "girls' domain" but rather "gender neutral".
5 This so-called Listeneinstellungsverfahren was changed in recent years in favor of a procedure that grants more agency and autonomy to schools (schulscharfes Verfahren). These reforms do not pertain to our 2001 data set, however, since the teachers in question were appointed between the 1960s and the 1990s.
6 Helbig (2010) analysed the effect of the ratio of male teachers at the school level on boys' and girls' grades. He found that an increase of the male teacher ratio in a school by 10 percent would raise the grades of boys in mathematics by less than 0.1 grade points. There were no effects of the ratio of male teachers on mathematics grades for girls or on German grades for both, boys and girls.
7 Access to the IGLU-E datasets has been kindly provided by the Research Data Centre at the Institute for Educational Progress (Institut zur Qualitaetsentwicklung im Bildungswesen, IQB).
8 Note that the German sample for the international comparison consists of 8,997 students in 211 schools from all 16 states. However, the states of Brandenburg, Mecklenburg-West Pomerania, Lower Saxony, and SaxonyAnhalt did not participate in the extension and hence do not provide information on Mathematics and Science, amongst other background information. We see no reason, why results might be biased by the exclusion of these 4 states, as they are very similar to the included 12 states in terms of school system characteristics, student performance and demographic composition including the feminisation of the teacher workforce.
9 The fact that the participation rate is somewhat lower than the international average is probably caused by the necessity of obtaining written parental consent.
10 We used a range of socio-demographic, teaching, and school related variables to identify identical teachers across the different teacher questionnaires.
11 Socio-economic status is measured by the Highest International Socio-economic Index of Occupational Status (HISEI), which corresponds to the highest occupational index score of the student's father or mother (Ganzeboom et al., 1992) .
12 We also included a quadratic age term to capture non-linearities. The same procedure has been applied to teachers' age.
13 German teachers were asked how often they read material about instruction or didactics. Mathematics and science teachers were asked how many times within the last two years they participated in further education seminars in their subjects.
14 It has been shown that this procedure has advantages over listwise deletion in terms of obtaining unbiased estimators. For a recent overview see Graham (2009) .
15 Analysis can be obtained from the authors upon request. Another explanation could be that students do not learn as much from male teachers. We test this in the remainder of the study.
16 The same argument may be applied to girls and female teachers, of course.
17 In specifications not reported here, we also included intelligence test scores, which are supposed to be timeinvariant. However, the time-invariance of intelligence assessment is controversial in psychological research and could be influenced by the teacher's gender as well. We therefore do not include intelligence test scores in the models shown. The inclusion of intelligence test scores does not change results regarding the teacher-gender effect.
18 Selection on unobservable characteristics would in principle still be possible, but given the wide range of covariates available to us, we consider this rather unlikely.
19 The full set of covariates can be seen in Table I (appendix), exemplarily for reading test score as an outcome.
20 Interestingly, the adjusted R-squared increases most in models with reading literacy. This is because our control variables ‚books at home' and migration background (which is highly correlated with language proficiency) are better predictors of reading literacy than of the other performance domains.
21 They do not differ according to their formal training, as all teachers have to obtain a teaching degree in order to be eligible for teaching. 24 This is not to say that teacher effects do not exist. In fact, many studies show that a teacher explains large shares of the variance in student outcomes (Hanushek and Rivkin, 2006) . However, the important factor is probably the quality of teaching rather than the gender of the person delivering it (Marsh et al., 2008) . . This is due to the maximum-likelihoodestimates, which are estimated based on a rotated test design within the framework of item-response-theory. This should not affect regression outcomes compared to a score normalized to some tighter bounds. ii we also include a quadratic age term in the models to capture non-linearity. iii we display percentages for all categorical variables. iiii cf. footnote 12. .01, ** p<0.05, * p<0.1. Standard errors, adjusted for class-level clustering, are reported in parentheses. Models are averaged over multiply imputed data sets, weights apply. FE Regressions allow for differing coefficients of the control variables by student's gender, to reach the same flexibility as the separate gender models. i The interaction effects denote the difference between the male teacher effect on boys and girls (or the sum of the same-sex teacher effect). .01, ** p<0.05, * p<0.1. Standard errors, adjusted for class-level clustering, are reported in parentheses. Models are averaged over multiply imputed data sets, weights apply. FE Regressions allow for differing coefficients of the control variables by student's gender, to reach the same flexibility as the separate gender models. i The interaction effects denote the difference between the male teacher effect on boys and girls (or the sum of the same-sex teacher effect). 
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